Interest in applications of stabilized zirconia (PSZ) as dental material has recently increased. In a corrosive environment such as a living body, PSZ is subjected to a cyclic load and needs higher fatigue strength. In our previous paper, appreciable degradation occurred in the fatigue lifetime of yttria-doped tetragonal zirconia polycrystals (TZP). In this study, PSZ specimens were annealed for 100 h at temperatures of 200, 400 and 600°C in a low vacuum atmosphere to improve the fatigue resistance. Both static and cyclic fatigue tests were conducted on the annealed specimens under static four-point bending and under cyclic reversed plane bending, respectively. As a comparison, specimens without annealing were tested in the same way. The test results indicated that the lifetime appreciably increases in cycling fatigue under a low applied load in specimens annealed at the low temperatures of 200 and 400°C from that of specimens without annealing. It was supposed that the occurrence of fine microcracks accompanied by the phase transformation from tetragonal to monoclinic caused enlargement of the process zone in the wake field of a crack in cyclic loading and contributed to the increase of crack resistance.
Chemical compositions of partially stabilized zirconia (mass %). Table 2 Mechanical properties of partially stabilized zirconia . 2  3  2  2   4  2  5  2  2   3  2  2  1 + + ( ) Table 3 Fracture strength obtained using both pre-cracked and smooth specimens. The P -value in the t-test indicates the probability that there is no significant difference between the mean fracture strength of the specimen without annealing and that with annealing. Table 4 Fracture toughness values KIC . These values were obtained by instituting the above fracture strength, shape and dimensions of the indentation flaw into the equation suggested by . No. of specimens not to be broken 2 4 4 1 Table 5 Number of specimens broken and not to be broken over the closed time within the specimens peak applied stress is below 85 MPa in cyclic fatigue test. . Crack growth rate V (=da/dt) can be obtained by using eq. (8) from the relation between peak applied stress, σmax, and equivalent time-to-failure, teq. In any heat treatment the crack growth rate, da/dt, under cyclic loading is obviously larger than that under static loading at the same initial stress intensity factor, KIi, and the tendency is more remarkable at the low stress intensity factor. Furthermore, at the low stress intensity factor under cyclic loading, the crack growth rate of the specimen with heat treatment at the annealing temperatures of 200 or 400℃ is clearly lower than that without annealing or that with heat treatment at the annealing temperature of 600℃． and (e) to (h) after cyclic fatigue testing. There were no significant differences between XRD results obtained before cyclic fatigue testing and after the fatigue testing. For example, the peak intensities were mainly observed at 2θ=30° , and before and after 35°corresponding to tetragonal and/or cubic phases and a tetragonal phase. The peak intensities at 2θ=28° corresponded to a monotonic phase, which was clearly observed in the specimens annealed at both 200 and 400℃ in a vacuum, although the peak was not clear in both the specimen without annealing and the specimen annealed 600℃ for 100h in a vacuum. Therefore, we assume that phase transformation from tetragonal to monoclinic was caused by low-temperature annealing. Fig.10 Monoclinic peak intensity before cyclic fatigue testing and after cyclic fatigue testing. There were no significant differences between their peak intensities before cyclic fatigue testing after cyclic fatigue testing. Table 6 "Second-order" and " Third-order" elastic constants obtained from the method of stress analysis with ultrasonic waves. The "Third-order" elastic constants of the material were determined by measuring the change of ultrasonic velocities in elastic material with stress applied to materials. Fig.11 Variations in the second-order elastic constant, E, and the third-order elastic constant, E', according to annealing temperature. Note that the E was constant throughout the range of annealing temperatures considered herein. On the other hand, for an annealing temperature of 200℃, E' , is clearly higher than in the case without annealing. However, E', decreased from 200 to 600℃, indicating that the non-linearity of the stress-strain curve for specimen annealed at both 200℃ and 400℃ was higher than that for the specimen without annealing. In all specimens, the fracture mode was intergranular cracking, but the fracture surfaces of the specimen without annealed surfaces were flat. In contrast, the fracture surfaces of the specimens annealed at 20℃ for100 h in vacuum were rough and some grains appeared to be got rid of the surfaces. The fractograph shows that the crack propagates in a zig-zag fashion in the specimens annealed at 200℃. Fig.13 Schematic representation showing slow crack growth in static and cyclic fatigue. In static fatigue a crack grows along the transformation toughening type R-curve. The crack resistance increases quickly, and the crack growth rate decreases with crack extension, and fractures occur with small crack extension. On the other hand, in cyclic fatigue, a crack grows along the micro-cracking toughening type R-curve. The crack resistance decreases due to the change of the R-curve, and the crack growth rate increases with crack tension, and unstable fractures occur at c=c0+∆c2. Furthermore, by applying annealing, the process zone becomes enlarged and the R-curve is raised as shown. From point ② to unstable point ③ the crack resistance KR increases abruptly from K2R to K3R, so the crack is arrested and the fatigue life time is extended. 
